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The density and species richness of plants with different regenerative strategies and life forms were measured 
in a sand plain lowland fynbos community during the first year after a late spring fire. Seedling dynamics, 
distributions and germination depths were assessed. The dominance of seed regenerating species (93.2% of 
individuals, 58.0% of species) differs from that reported for other fynbos communities. Species richness was 
similar to that in unburnt vegetation. However, only about 41 % of species were common to pre- and post-fire 
stands. Post-fire plant distributions were contagious and independent of seed size or dispersal mode. In the 
vicinity of burnt remnants of invasive alien acacias, the density and species richness of indigenous seeding 
perennials and ephemerals were reduced. Seedling production and mortalities in seeders and sprouters were 
similar. Both alien and indigenous seeding perennials exhibited an approximate 40% seedling mortality 
during the first post-fire year. Seed size was an important factor affecting seedling establishment levels in the 
post-fire environment. Seeding perennials with large, mainly myrmecochorous seeds emerged sooner after 
fire and from greater depths than those with small seeds. Their average seedling production was twice that of 
perennials with small seeds. 
Die bevolkingsdigtheid en spesierykheid van plante met verskillende regeneratiewe strategies en lewens-
vorme is gedurende die eerste jaar van die na-brandse herstel van die plantegroei in 'n sandvlakte-Iaagland-
fynbos-gemeenskap gemeet. Saailing-aanwerwingspatrone, -verspreiding, en -ontkiemingdieptes is 
vasgestel. Die oorheersing van plante wat deur middel van saad-voortplant (93.2% van indiwidue, 58.0% van 
spesies) verskil van dit wat vir ander fynbos-gemeenskappe gerapporteer is. Spesierykheid was soortgelyk 
aan die van ongebrande plantegroei. Dog is slegs ongeveer 41 % van die spesies gevind in beide die voor- en 
na-brand-gemeenskappe. Verspreiding van saailinge en herspruitende plante na die brand was klomps-
gewys en onafhanklik van saadgrootte of verspreidingsmeganismes. Daar was 'n vermindering in beide die 
bevolkingsdigthede en spesierykheid van inheemse efemere en meerjariges, wat deur middel van saad 
voortplant, wat in die nabyheid van gebrande uitheemse akasias geles is. Saailingproduksie en sterftes in 
plante wat van saad voortplant en die wat uitloop is soortgelyk. Ongeveer 40% van saailinge van beide 
uitheemse en inheemse meerjariges wat deur middel van saad voortplant, het gedurende die eerste jaar na 
die brand gesterf. Saadgrootte was 'n belangrike faktor wat 'n invloed gehad het op die vestiging van 
saailinge na die brand. Saadvormende meerjariges met groot sade wat hoofsaaklik deur miere versprei word, 
het vroeg na die brand, en van groter dieptes, opgekom, met 'n gemiddelde van twee maal soveel saailinge 
as die van meerjariges met klein sade. 
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Introduction 
Fynbos vegetation is considered adapted to survive fires 
(van der Merwe 1966). The component species differ in 
their response to fire and survive as a result of one or 
more of a variety of strategies (Wicht 1945; Martin 1966; 
Kruger & Bigalke 1984). Two primary groups of regen-
erative strategies can be distinguished , namely seeders 
and sprouters. The first group comprises plants depen-
dent exclusively on seed reserves for regeneration. The 
second includes plants also capable of regenerating 
vegetatively, either from buds that occur on subter-
ranean vegetative organs (e .g. bulbs , rootstocks, 
rhizomes) and above-ground parts or detached vegeta-
tive propagules (Gill 1981; Frost 1984). Considerable 
inter- and intra-regional variation is found in the 
proportion of seeders to sprouters in mature vegetation 
stands of mediterranean-type floras (Kruger 1983) . Two 
hypotheses , namely frequency of disturbance by fire and 
availability of gaps (post-fire openings) for seedling 
recruitment have been proposed to explain this variation 
(Keeley 1977b; Specht 1981; Kruger 1983). Specht 
(1981) suggested that gap availability for seedling 
recruitment is inversely related to post-fire overstory 
projective cover of sprouters which in turn is correlated 
with soil moisture availability (Specht et al. 1983). 
Differences in the rate of post-fire species recovery 
between mountain (Ie Maitre 1987), grassy (Richardson 
et al. 1984) and sand plain lowland fynbos (Hoffman et 
al. 1987) may be a function of the proportion of seeders 
to sprouters in the vegetation of each habitat. In sand 
plain lowland fynbos , species richness increases in the 
first 3 years after fire and attains maximum values in 5-
year-old vegetation (Hoffman et al. 1987). In contrast , 
maximum species richness in mountain (Ie Maitre 1987) 
and grassy fynbos (Richardson et al. 1984) is attained 
approximately 1 year after fire . Available data indicate 
that in mountain (van der Merwe 1966; Kruger 1987) 
and grassy fynbos (Richardson et al. 1984) , the majority 
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of species regenerate vegetatively. In these habitats , 
sprouters start regenerating within 14 days after fire 
(Wicht 1948; Richardson et al. 1984) and form a 
dominant component of the vegetation during early 
post-fire successional stages (van der Merwe 1966; 
Kruger 1972 , 1987) . A rapid increase in species richness 
after fire may , therefore , be related to a high proportion 
of sprouters in the vegetation . Relatively little infor-
mation is available on the proportion of seeders to 
sprouters in sand plain lowland fynbos . However , soil 
fertility in sand plain lowland fynbos is lower than that in 
grassy fynbos (Campbell 1983) and the climate is drier 
than that in mountain fynbos (Fuggle 1981) . In Austra-
lian heath , there is evidence that obligate seeding species 
increase in abundance with increasing aridity and 
decreasing site productivity (Specht 1981). This is also 
apparent in southern California chaparral where obligate 
sprouting species are commonly replaced by obligate 
seeding species on more xeric or nutrient-deficient sites 
(Keeley 1986). These observations and the slower 
increase in species richness reported in sand plain 
lowland fynbos after fire (Hoffman et al. 1987) suggests a 
high proportion of seeders in vegetation of this habitat. 
Tn such vegetation, a slower rate of post-fire species 
recovery could be expected since this would be deter-
mined to a large extent by the rate of breakdown in seed 
dormancy after fire and possibly by the rate of importa-
tion of seeds from adjacent un burnt areas as well 
(Martin 1966). 
Hoffman 's et at . (1987) study presents a general 
description of changes in post-fire plant cover and 
species richness in sand plain lowland fynbos. However , 
they provide no information on the principle seeding and 
sprouting species, their relative contribution to vegeta-
tion recovery , or on patterns of seedling recruitment and 
distribution, particularly in relation to invasive Austra-
lian acacias. Two species , namely Acacia saligna and A . 
cyclops, are of particular concern since they are widely 
distributed in the south-western Cape (Hall & Boucher 
1977; Hall 1979) and have already replaced or infested 
much of the lowland vegetation (Boucher 1981). 
This paper provides a further contribution to post-fire 
regeneration in sand plain lowland fynbos. The study 
was designed primarily with the objective of obtaining 
basic data required to plan a subsequent investigation to 
assess the post-fire recovery potential of sand plain 
lowland fynbos infested by invasive alien acacias. 
Study area 
Studies were carried out at the Fynbos Biome intensive 
study site at Pella (Jarman & Mustart 1988). Climate is 
typically mediterranean (Fuggle 1981) with a mean 
annual rainfall of ca . 590 mm falling predominantly in 
winter (Jarman & Mustart 1988) . Soils are well drained , 
ca . 2 m deep , medium acidic , Aeolian sands (Lamb-
rechts & Fry 1988) with a low phosphorus (Mitchell et at. 
1984; Brown & Mitchell 1986) and nitrogen (Stock & 
Lewis 1986) content. 
The study area comprised a Leucospermum parde -
Thamnochortus punctatus Mid-High Open Shrubland 
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community (Boucher & Shepherd 1988) , infested by 
closed stands of A . saligna (up to 0.1 ha in area) and 
small scattered clumps of A. saligna and A. cyclops 
comprising one or two individua ls . A portion of this 
community was burnt in a wild fire during November 
1986. Vegetation age prior to the burn was about 11 
years. This was deduced from Proteaceae node counts 
and fire history records (Brownlie & Mustart 1988). 
Methods 
Sampling procedure 
Two transects , each 50 m long X 1 m broad and 
subdivided into 2-m X 1-m rectangular quadrats , were 
established in burnt natural vegetation in the study area 
immediately following the November 1986 wild fire. 
Both transects were located on a uniform substrate , 
slope and in an area of uniform physiognomy in as far as 
this could be assessed from the distribution of the burnt 
remnants of the dominant species. The transects were 
positioned so that their mid points lay in the burnt 
remnants of small clumps of invasive alien acacias. 
Plants regenerating in burnt vegetation were surveyed 
on five different dates , namely March , June , September 
and November 1987 and February 1988. The following 
information was obtained: 
a. Numbers of plants of each species present in each 
quadrat at each recording date. 
b . Regenerative strategy (seeder or sprouter) and life 
form of each species. 
c. Numbers of seedlings gained through recruitment and 
lost through mortality by perennial species between 
consecutive recording dates. 
d. Seed germination depths, sizes and dispersal modes in 
perennial species . 
Regenerative strategy and life form 
Regenerative strategy was ascertained by partially 
excavating shoots. To minimize disturbance within the 
transects, excavations wherever possible were conducted 
outside the transects . Sprouts were recognized by shoots 
that arose from partially buried charred stems or under-
ground storage organs (e .g. bulbs) . Their roots (under-
ground stems) lacked branches , remained approximately 
the same diameter with increasing depth , and were 
connected to lignified underground parts (e .g. rhizomes , 
rootstocks) . Seedlings were distinguished by the 
presence of cotyledons (soon after emergence) and 
smaller-diameter roots that narrowed with increasing 
depth and posse sed secondary and tertiary branches. 
Seeders and sprouters were each subdivided, on the 
basis of observed above-ground plant permanency, into 
either perennials or ephemera Is and into various life 
form categories using the modified Raunkaier system 
presented in Mueller-Dombois & Ellenberg (1974) . Life 
forms of sand plain lOWland fynbos species presented in 
Boucher & Shepherd (1988) were used as a guide for 
classification of perennials . Perennials comprised those 
plants forming a permanent above-ground component of 
the vegetation . Ephemerals included those plants 
forming a temporary fire-induced (Gill 1981) or seasonal 
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component of the vegetation. The ephemeral status of 
species, particularly late summer-flowering therophytes, 
was established by re-examining all quadrats in May 
1988 to ascertain which plants had died. 
Seedlings of perennial species were identified by 
comparing them with those regenerated under labora-
tory and greenhouse conditions from seed and soil 
samples taken from burnt and unburnt vegetation at the 
site. The positions of sprouting perennial species were 
marked on emergence and their identities established or 
confirmed when they flowered . Where sprouts arose 
from a common subterannean organ, an arbitrary 
distance of ca. 50 cm or greater between individual 
shoots or clusters of shoots was used as a criterion for 
distinguishing individuals. Some ephemeral species (e .g. 
Helichrysum sp.) could not be clearly distinguished from 
one another in the juvenile stage. Counts of ephemerals 
(therophytes and geophytes) were therefore conducted 
only on those species present in the flowering state at 
each recording date. 
Plant distributions 
Dispersion coefficients (variance:mean ratios) calculated 
for each species and life form from recorded population 
densities in the 50, 2-m2 quadrats were used as an index 
of the degree of contagion (non random distribution). 
Ratios were calculated only where population densities 
exceeded 25 plants 100 m-2 as their interpretation at low 
population densities is unreliable (Jones 1956). Ratios 
exceeding values of 1.0, expected for randomly distrib-
uted populations, were tested for significance according 
to a t-test of observed - expected variance:mean ratiol 
standard error (Kershaw 1973). Standard error was 
calculated as V[2/(N - 1)] where N = number of 
observations . 
Seedling dynamics 
Estimates of post-fire seedling gains (recruitment) and 
losses (mortalities) in perennial species were based on 
measurements of the differences in recorded seedling 
densities between consecutive recording dates in the 50, 
2_m 2 permanent quadrats. In those quadrats where no 
changes in seedling densities were observed between 
consecutive recording dates, it was assumed that either 
no additional recruitment had taken place or that 
recruitment balanced mortality. All increases in seedling 
densities measured in the quadrats between consecutive 
recording dates were summed to give an index of net 
seedling gain (minimum additional recruitment). 
Similarly, all decreases in seedling densities were 
summed to give an index of net seedling loss (minimum 
mortality). Total net seedling gain and total net seedling 
loss over the 12-month recording period were calculated 
as the sums of all net gains and losses respectively 
between all consecutive recording dates from date of 
observed first seedling emergence (initial recorded 
density) to the end of the recording period (final 
recorded density). Total net seedling gain was expressed 
as a percentage of the initial recorded density and total 
net seedling loss as a percentage of total net seedling 
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production (initial recorded density + total net seedling 
gain). 
Seed germination depths, sizes and dispersal modes 
Estimates of seed germination (burial) depths of the 
more common perennial species were derived from 
measurements of the distances between the ground 
emergence level, marked on randomly selected seedlings 
of each species soon after emergence, and the base of the 
hypocotyl or epicotyl. In L. parile and Pro tea rep ens , the 
base of the hypocotyl in young seedlings was evident 
from a conspicuously flat, broadened disc-like base, or 
foot (van der Merwe 1977; Brits 1987), from which a thin 
radicle emerged . In A. saligna, a broad flange of tissue 
denoted the position of the hypocotyl base and in 
Willdenowia sulcata the attached seed indicated the 
position of the epicotyl base. In other species investi-
gated with epigeous germination, no distinct morpho-
logical features were evident to indicate the position of 
the hypocotyl base. Nevertheless, the highly clumped 
seedling distributions and staggered seedling recruitment 
pattern allowed for the identification and excavation of 
seedlings soon after emergence, i.e. with only cotyledons 
present. In these seedlings, the position of the hypocotyl 
base was taken as that point on the hypocotyl where it 
tapered sharply. 
Approximate seed volumes were calculated from 
measurements of the dimensions of seeds of perennial 
species collected in adjacent unburnt vegetation . Seed 
dispersal modes were allocated to each species on the 
basis of information obtained from various published 
and unpublished sources (e.g. Milton 1980; Bond & 
Slingsby 1983; Bond pers . comm., Dept Botany, Univ . 
of Cape Town). The seed dispersal mode categories 
adopted are those presented in van der Pijl (1982). 
Statistical analysis 
Population densities were not normally distributed. A 
Kruskall-Wallis H-test was therefore used to test for 
significant differences in various parameters between 
groups of species (Sachs 1982). 
Results 
Species richness 
A total of 81 species of seeders and sprouters were 
recorded in the transects during the first post-fire year 
(Table 1, Appendices 1-4). Four perennial species, 
namely Phylica stipularis, Phylica cephalantha, Polpoda 
capensis and T. punctatus, regenerated both vegetatively 
and from seed. Correcting for this factor, this gave a 
total species richness of 77 species 100 m-2 (mean species 
richness 19.58 2 m-2 , standard deviation: ± 4.43) . 
Regenerative strategy and life form 
Seeders contributed 93.2% to popUlation density and 
58.0% to species richness of which Australian acacias 
accounted for 4.6% and 2.4% of population density and 
species richness respectively (Table 1). Among indig-
enous species, seeding perennials contributed the 
highest proportion (53.3%) of individuals and seeding 
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Table 1 The contribution to population density and species richness of plants with different 
regenerative strategies and life forms in the first post-fire year 
Population density Species richness 
Regenerative Total Relative Mean Total Relative Mean 
strategy/ plants density plants Standard Dispersion species richness species Standard 
life form 100 m-2 % 2 m-2 deviation coefficient 100 m-2 % 2 m-2 deviation 
Seeders 
Perennials 
Australian acacias 
Microphanerophytes 297 4.6 5.94 12.62 26.8 (127 .8**) 2 2.4 0.82 0.72 
Fynbos 
Nanoph anerophytes 1410 22.2 28.20 16.71 9.9 (44.1 ** ) 8 9.9 3.90 1.25 
Chamaephytes 1009 15.8 20.18 16.84 14.0 (64.6**) 10 12.3 3.38 1.56 
Hemicryptophytes 972 15.3 19.44 15.33 12.1 (54.9**) 2 2.5 1.76 0.48 
3391 53.3 67.82 33.25 16.3 (75.7**) 20 24.7 9.04 2.56 
Ephemerals 
Therophytes 2245 35.3 44.90 22.78 11.6 (52.3 ** ) 25 30.9 6.94 2.59 
Sub totals 5933 93.2 118.66 41.88 14. 8 (68.2 **) 47 58.0 16.80 4.12 
Sprouters 
Perennials 
Australian acacias 
Microphanerophytes 
Fynbos 
Nanophanerophytes 16 0.3 0.32 1.11 3.8 (14.1 ** ) 3 3.7 0.16 0.42 
Chamaephytes 135 2.1 2.70 2.97 3.3 (1l.2 **) 15 18.5 1.42 0.97 
Hemicryptophytes 43 0.7 0.86 2.22 5.7 (23.4 ** ) 4 4.9 0.26 0.44 
194 3.1 3.88 3.52 3.2 (10.8* *) 22 27.2 1.84 1.04 
Ephemerals 
Geophytes 237 3.7 4.74 5.30 5.9 (24.4 ** ) 12 14.8 1.54 1.26 
Sub totals 431 6.8 8.62 6.47 4.9 (19.1 **) 34 42.0 3.38 1.52 
Totals 6364 100.0 127.28 42.20 14.0 (64.3 ** ) 81+ 100.0 20.18 4.47 
77 19.56 4.34 
[-value and sign ificance level for 49 degrees of freedom (** P < 0.01 , * P < 0.05) presented in parenthesis 
+Includes 4 species occurring as both seeders and sprouters 
ephemerals (therophytes) the greatest proportion 
(30.9%) of species. Sprouting ephemerals (geophytes) 
contributed the least (14.8%) to species richness and 
sprouting perennials the least (3.1 %) to population 
density. 
Therophytes comprised the most common life form 
(Table 1) . Their contribution to population density 
(35.3%) and species richness (30.9%) exceeded that of 
other life forms. Among perennials , chamaephytes 
contained the largest proportion of seeding and 
sprouting species. Their contribution to population 
density (15.8%), however, was less than that of 
nanophanerophytes (22 .2%) among seeding perennials. 
Nevertheless, they were the dominant life form , in terms 
of their contribution to both population density and 
species richness, among sprouting perennials . Nano-
phanerophytes comprised mainly seeding species. Only 
three predominantly west coast strandveld species of 
sprouting nanophanerophytes , namely Salvia africana-
caeru/ea, Rhus laevigata and Diospyros glabra (Boucher 
1987; Boucher & Shepherd 1988), were recorded in the 
transects. Hemicryptophytes were poorly represented in 
terms of species among both seeders and sprouters. Only 
4 (about 9%) of the 45 species of hemicrytophytes 
present in mature vegetation (Boucher & Shepherd 
1988) were found in the transects. These were W. sulcata 
(seeder), T. punctatus (seeder and sprouter), Cannomois 
parviflora, Staberoha distachya and Aristida diffusa 
(sprouters). 
Recruitment of seeding perennials commenced in 
early autumn. Four groups of species were distinguished 
according to sequence of observed first emergence 
(Table 2). The first group comprised exclusively invasive 
alien Acacia species (observed first emergence: early 
autumn) and the remaining three groups indigenous 
species (observed first emergence: early winter, early or 
late spring). Maximum seedling densities in the total 
population of perennials , both aliens and indigenes 
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Table 2 A comparison of seedling population densities, recruitment (total net gain) and mortal-
ities (total net loss) between groups of perennial species. Species grouped according to 
sequence of observed first emergence and decreasing density. Data derived from measurements 
of changes in seedling population densities in 50, 2-m2 quadrats during the first post-fire year 
Species/ 
Seed dispersal mode 
Early autumn emergence 
A cacia saligna/mm 
A cacia cyclops/or 
Sub total (average) 
Early winter emergence 
Willdenowia su1cata/mm 
Centella tridentata/mm 
Phylica stipularis/mm 
Protea repens/an 
Leucospermum pG/'i/e1mm 
Pro tea burchellii/an 
Carpobrolus edulis/at 
Sub total (average) 
Early spring emergence 
A nthospermum aelhiopicum/at 
Meta/asia muricata/at 
Polpoda capensis/at 
Ifloga ambigua/a t 
Prismatocarpus frulicosus/at 
Pharnaceum incanum/at 
Sub total (average) 
Late spring emergence 
Thamnochortus puncta Ius/an 
Phylica cephalantha/mm + 
Passerina vulgaris/at 
Grisebachia plumosa/ez 
Aspaialhus divaricata/mm 
Cliffortia po/ygonifolia/mm 
Sub total (average) 
Kruskal-Wall is H-statistic 
Initial 
density 
31 
6 
37 
533 
132 
82 
159 
52 
5 
6 
969 
466 
96 
104 
42 
20 
7 
735 
307 
153 
123 
29 
9 
8 
629 
Seedling population density 100 m·2 
Total ne t Total net 
gain loss 
Nos % Nos % 
255 822 .6 107 37.4 
45 750.0 33 64.7 
300 (810.8a) 140 (41.5a) 
852 159.8 579 41.8 
204 154.5 78 23.2 
214 261.0 166 56.1 
48 30.2 75 36.2 
64 123.1 17 14.6 
10 200.0 1 6.7 
8 133.3 8 57.1 
1400 (144.5b) 924 (39 .0a) 
312 66.9 334 42.9 
199 207.3 107 36 .3 
37 35.6 50 35.5 
32 76.2 25 33.8 
33 165.0 10 18.9 
14 200.0 10 47.6 
627 (85.3b) 536 (39 .3a) 
11 3.6 140 44.0 
13 8.5 85 51.2 
7 5.7 67 51.5 
15 51.7 18 44 .9 
1 11.1 5 50.0 
0 0.0 6 75.0 
47 (7.5c) 321 (47.5a) 
13.87** 6.54 
Total net 
seedling 
Final production 
density 100 m-2 
179 286 
18 51 
197 337 
806 1385 
258 336 
130 296 
132 207 
99 116 
14 15 
6 14 
1445 2369 
444 778 
188 295 
91 141 
49 74 
43 53 
11 11 
826 1362 
178 318 
81 166 
63 130 
26 44 
5 10 
2 8 
355 676 
mm = myrmecochorous , an = anemochorous , at = atelochorous, ez = epizoochorous , or = ornithochorous 
+Seed ling identity not confirmed 
Group percentages not with the same letter significantly different 
Significance level ** P < 0.01, * P < 0.05 
Approximate 
seed volume 
mm' 
27.00 
30.00 
35.35 
30.00 
159.06 
75.41 
2.80 
0.48 
1.50 
0.58 
1.57 
27.00 
3.08 
0.91 
5.94 
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(Figure 1), as well as in individual alien acacia and most 
indigenous species (Figure 2) were attained in late 
spring. Thereafter, seedling densities declined over the 
dry summer period. Nevertheless, indigenous seeding 
perennials still accounted for 78.8% of population 
density at the end of summer (Figure 1). No local 
extinctions were observed among seeding perennials 
during the first post-fire year. 
As in mountain (Wicht 1948) and grassy fynbos 
(Richardson et ai. 1984) , regeneration of sprouting 
perennials commenced within 14 days following the fire. 
With the exception of T. punctatus, all sprouting 
perennial species had regenerated vegetatively by early 
autumn even though summer precipitation levels were 
low (Figure 3) . At this stage, they accounted for 82.5% 
of population density and 91.3% of species richness 
(Figure 1). Thereafter, with the commencement of 
indigenous seedling recruitment in early winter, their 
contribution to population density declined rapidly in 
subsequent seasons to a minimum value of 3.7% in late 
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Figure I The contribution to (A) species richness and (8) population density of plants with different regenerative strategies 
during the first post-fire year. Relative proportions are expressed as percentages . 
spring. Their contribution to species richness, however , 
remained consistently higher than that of seeding 
perennials. 
Regeneration of sprouting ephemerals (geophytes) 
commenced in early autumn and that of seeding 
ephemerals (therophytes) in early winter. Maximum 
species richness in both groups were attained in early 
spring (Figure 1). Thereafter, geophytes rapidly 
disappeared from the above-ground regenerating 
vegetation, whereas therophytes exhibited a gradual 
decline in species richness over subsequent seasons as 
different species flowered, set seed and died at different 
times during the year. 
Plant distributions 
Post-fire plant distributions were contagious (clumped). 
Dispersion coefficients generally exceeded values of 1.0 
expected for randomly distributed populations (Table 1, 
Appendices 1-4). Significantly contagious distributions 
(P < 0.01) occurred in plants with different regenerative 
strategy (seeder or sprouter) and life form (Table 1). 
The most highly clumped distributions (highest disper-
sion coefficients) were found among seeders, both 
perennials and ephemerals . In A . saligna, clumped 
seedling distributions were clearly related to the 
presence of burnt remnants of parent plants. Seedlings 
were distributed at a greater distance from parental 
remnants on the northern than southern sides (Figure 4). 
In P. rep ens , clumped seedling distributions were related 
to the presence of leaf litter, predominantly that of A. 
saiigna, accumulated in depressions on the soil surface 
and around burnt remnants of multi-stemmed plants. P. 
S.Afr.J. Bot., 1990 , 56(2) 
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Figure 2 Changes in post-fire seedling population densities, seedling mortalities (net loss) and recruitment (net gain) of some 
common seeding perennial species during the first post-fire year. 
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daily air temperatures and total monthly precipitation (bar 
chart) at Pella during period of study (source: Foundation for 
Research and Development climatic records). 
repens seedling densities and soil water contents were 
significantly higher (P < 0.01) in these litter patches than 
in open soil (Table 3). 
Similar peaks in population densities and species 
richness were exhibited by indigenous seeding perennials 
and ephemera Is along the transects (Figure 4). In close 
proximity to burnt parental skeletons of Australian 
acacias, reduced population densities and species 
richness were evident among indigenous seeding 
perennials and ephemerals. Regressions of population 
densities and species richness of indigenous seeding 
perennials against ephemerals showed, with one 
exception, significant (P < 0.05) degrees of correlation 
(Figure 4). No significant degrees of correlation, either 
positive or negative, were obtained from regressions of 
population densities of seeders against sprouters in the 
transects. 
Seedling dynamics 
Seedling recruitment in many perennials , both aliens 
S.-Afr.Tydskr. Plantk., 1990,56(2) 
(acacia) and indigenes , was staggered over the recording 
period (Figure 2) . This staggered recruitment pattern 
was most pronounced in that group of species (alien 
acacias) that emerged first after fire (early autumn). 
Average net seedling gain, expressed as a percentage, 
over the 12-month recording period was highest in this 
group and decreased significantly (P < 0.01) in species 
groups with sequence of observed first emergence (Table 
2). P. repens (observed first emergence: early winter) 
exhibited a fairly synchronized seedling recruitment 
pattern in that only a small percentage (30 .2%) of seed-
lings emerged after date of observed first emergence 
(Table 2). Among indigenous seeding perennials, the 
greatest number of seedlings were produced by that 
group of species observed first emerging in early winter. 
Net seedling production in this group was approximately 
double that of that group observed first emerging in 
early spring and about four times that of that group 
observed first emerging in late spring (Table 2). 
Sprouting perennials , namely P. stipularis, P. cepha-
Iantha, P. capensis and T. punctatus , contributed only 
20 .9% to total net seedling production among indig-
enous perennial species. Species with large seeds (seed 
volume> 20 mm3 ) , namely W. sulcata, P. stipularis, P. 
cephalantha, P. repens, L. parile and Protea burchellii, 
accounted for 49.6% of the total net seedling production 
among indigenous perennials. Average seedling 
production in indigenous sprouting perennials was 230 
seedlings/species and in indigenous seeding perennials 
232 seedlings/species. Indigenous perennials with large 
seeds produced an average of 363 seedlings/species and 
those with small seeds an average of 171 seedlings/ 
species. 
Seedling mortalities over the 12-month recording 
period (total net loss %) differed considerably between 
species (Table 2) . However, no significant differences in 
seedling mortalities were evident between seeders and 
sprouters, alien and indigenous groups of species or 
between species groups according to sequence of 
observed first emergence (Table 2). Both alien and 
indigenous species groups exhibited an approximate 
40% seedling mortality during the first post-fire year 
Table 3 Post-fire Pro tea repens seedling densities and soil water 
contents (0 to 25 mm depth) in two different habitats 
Seedling density 2 m·2 Soil watcr content (% dry mass) 
Standard 
error/ 
Habitat Mean mean % n Mean 
Open soil 4.0a 20.2 15 0.39a 
Acacia leaf 
litter patches 46.7b 38.5 15 5.16b 
Kruskal-Wallis 
H -statistic 12 .55** 8.31 "* 
n = nos of samples 
Mean values not with the same Ictter significantly different 
Significance level * * P < 0.01 , * P < 0.05 
Standard 
error/ 
mean % n 
15.7 10 
12.0 10 
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Figure 4 Post-fire species richness and population densities of indigenous seeding (A) perennials, (B) ephemerals and (C) alien 
acacias along two transects. The best curves plotted through points. The correlation coefficients (r) were derived from regressions 
of population densities and species richness of perennials against ephemerals. The F-values and significance levels were obtained 
from analyses of variance of the regressions. 
(Table 2) . The highest seedling mortalities in most 
species occurred during summer (Figure 2). In A. saligna 
(observed first emergence : early autumn) and in P. 
stipuiaris, Centella tridentata, P. rep ens and L. parile 
(observed first emergence: early winter), high seedling 
mortalities also occurred during winter. In the last two 
species, seedling mortalities during winter exceeded 
those during summer (Figure 2). 
Seed germination depths, sizes and dispersal modes 
Sequence of seedling emergence appeared related to 
seed size . Species observed first emerging in early 
autumn and winter comprised predominantly those with 
large, mainly myrmecochorous seeds (Table 2). These 
emerged from significantly (P < 0.01) greater depths 
(Table 4) than species observed first emerging in early 
and late spring with mainly small seeds (Table 2). 
Different seed sizes and dispersal modes had no 
significant effect (P > 0.05) on seedling dispersion 
coefficients and mortalities (Table 5). 
Discussion 
Species richness 
Species richness in the first post-fire year was similar to 
that in unburnt vegetation. The 77 species 100 m-2 
measured (Table 1) compares favourably with species 
complements of 72 and 77 species ca . 100 m-2 (10 X 5-m 
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Table 4 A comparison of seed germination (burial) depths of 
some common seeding perennial species. Species grouped 
according to sequence of observed first emergence and 
decreasing germination depth 
Seed germination depth mm Standard 
errorl No of 
Speci es Min. Max. Mean mean % seedlings 
Early autumn emergence 
Acacia saligna 14 127 57.7a 5.3 47 
Early winter emergence 
Leucospermum parde 48 200 131.2b 4.4 50 
Willdenowia suicata 56 125 95.0c 2 .5 55 
Phylica stipuiaris 7 58 28 .8d 6.7 36 
Pro tea repens 0 51 26.2d 5.8 58 
Centella tridentata 3 20 8.8e 10.4 50 
Early spring emergence 
Metalasia muricata I 18 7.6e 10.0 36 
Anthospermum aethiopicum 2 19 6.5ef 6.7 62 
Ifloga ambigua 15 5.9f 8.2 35 
Kruskal-Wal li s H-statistic 363.87** 
Mean values with any letter in common not significantly different 
Significance level ** P < 0.01 , "P < 0.05 
releves including an approximate 50-m2 area 
surrounding each releve) recorded In 5-year-old 
vegetation 7 years prior to this study by Boucher & 
Shepherd (1988) in two releves (nos 814 & 825) located 
in the same community near the study area. The average 
species richness (mean of 39 plots) of only 22 species 50 
m-2 reported by Hoffman et al . (1987) for I-year post-fire 
aged vegetation at the Pella site, also following a late 
spring (November) burn , is low in comparison with that 
(19 .56 species 2 m-2) obtained in this study and that (37.9 
species 4 m-2) reported by Kruger (1987) for 2-year post-
fire aged mountain fynbos vegetation in the lakkalsrivier 
Table 5 The relationship between seed dispersal 
modes, sizes and seedling dispersion coefficients and 
mortalities in seeding perennial species during the first 
post-fire year 
Seed dispersal mode Seed volume mm 3 
Parameter mm at an eplor <10 10-50 > 50 
A verage dispersion 
coefficient 11.78 12.04 10.10 8.20 12.74 1 I. 10 6.40 
Nos of species 6 7 2 2 7 5 2 
H-statistic 0.4046 2.8739 
Average seedling 
mortality % 43 .7 40.4 29.0 54.8 45.5 50.2 25.4 
Nos of species 8 8 3 2 8 5 2 
H-statistic 3.2749 4.2350 
Significance level * * P < 0.01 , • P < 0.05 
mm = myrmecochorous , an = anemochorous , at = atelochorous , ez = 
epizoochorous , or = ornithochorous 
catchment. Climatic conditions and activities of patho-
gens, granivores and herbivores during periods of flower 
bud initiation , flower development , seed set and seed 
development can influence the regeneration of seeding 
species (Keeley 1977a ; Gill 1981). A comparison of 
climatic records preceding and following the November 
1980 and 1986 wild fires at Pella, however , did not 
indicate any striking differences . Hoffman's et al. (1987) 
lower recorded species richness was probably due to 
time of sampling (November), since a large proportion 
of geophyte and therophyte species in this study (Figure 
1) were observed to have died or disappeared from the 
regenerating vegetation by late spring (November). This 
argument is supported by the low average species 
richness presented by Hoffman et al. (1987) for 
ephemerals , ca . 4 species 50 m-2 compared with 8.48 
species 2 m-2 in this study. 
A comparison of the species composition of Boucher 
& Shepherd's (1988) releve numbers 814 and 825 with 
that of the 100 m-2 transect in this study (Table 6) 
revealed that an average of 40.6% of the total species 
complement was common to pre- and post-fire stands . 
This is higher than the value of ca. 29% reported by 
Hoffman et al. (1987) for I-year post-fire aged sand plain 
lowland fynbos , but much lower than the value of 86% 
reported by Ie Maitre (1987) in mountain fynbos. It 
supports Hoffman's et al . (1987) suggestion that pyric 
succession in sand plain lowland fynbos , unlike the 
inhibition model (Hanes 1971; Connel & Slatyer 1977) 
proposed for mountain fynbos (Kruger & Bigalke 1984) , 
occurs by species replacement (Egler 1954; Gill & 
Groves (1981). An average of 29 .5% of the total species 
complement occurred only in post-fire (1-year-old) 
stands and 29.9% only in pre-fire (4-year-old) stands . 
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Table 6 Pre- and post-fire comparisons of vegetation 
composition 
Nos of species 100 mo2 
exclusive to pre-fire 
community 
Nos of species 100 mo2 
common to pre- and post-fire 
communities 
Nos of species 100 mo2 
exclusive to post-fire 
community 
Total species complement 
100-m2 transect 100 m2 transect 
compared with compared with Mean 
releve no. 814+ releve no. 825+ % 
30 32 29.9 
43 41 40.6 
30 31 29.5 
103 104 
+Releve nos from Boucher & Shepherd (1988) (10 x 5 m releves 
including an approximate 50-m2 area surrounding each releve) 
Over three-quarters (22.7% of the total species 
complement) of those species present only in post-fire 
stands were ephemerals (therophytes 15.0%, geophytes 
7.7% of the total species complement). About half 
(14.5% of the total species complement) of those species 
present only in pre-fire stands were hemicryptophytes. 
The remaining species comprised chamaephytes (6.8%), 
geophytes (6.8%) and a small percentage of therophytes 
(1.8% of the total species complement). Species not 
found in I-year post-fire aged vegetation possibly have 
special requirements for vegetative and seed 
regeneration that are only met after some development 
of the community. The short dispersal distances reported 
for fynbos species (Moll & Gubb 1980; Slingsby & Bond 
1985; Manders 1986; Brits 1987) does not support the 
hypothesis that recruitment of some species takes place 
from seed dispersed into burnt areas from adjacent 
unburnt vegetation (Martin 1966). The small number of 
species of hemicryptophytes, particularly members of 
the Restionaceae, recorded in transects during the first 
post-fire year supports Hoffman's et al. (1987) proposal 
that Restionaceae play a more important role in 
community structure and composition in old vegetation. 
Regenerative strategy 
The dominance of seed regenerating species (93.2% of 
individuals, 58.0% of species) in sand plain lowland 
fynbos differs from that in other fynbos communities. In 
mountain fynbos, van der Merwe (1966) reported that 
only 33% of the species at Swartboskloof in the 10nkers-
hoek mountain catchment regenerated from seed. 
Kruger (1987) found that the proportion of seeding to 
sprouting species averaged 33.9% in the Zachariashoek 
and 33.0% in the lakkalsrivier mountain catchments. In 
a grassy fynbos community in the eastern Cape, Richard-
son et al. (1984) observed that only 8.43% of plants 
regenerated from seed. 
The relative importance of fire frequency and gap 
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availability (post-fire openings for seedling recruitment) 
as determinants of the proportions of seeders to 
sprouters in different fynbos habitats is difficult to 
assess. The high percentage of ephemerals (therophytes 
and geophytes) recorded in both post-fire (45.7% of the 
total species: Table 1) and pre-fire stands (34.4% of the 
total species: Boucher & Shepherd 1988) in sand plain 
lowland fynbos may be a feature of high fire frequencies. 
Records on the incidence of fire in sand plain lowland 
fynbos at Pella (Brownlie & Mustart 1988) indicate a 
mean fire frequency of about 7 years (range: ca. 4 to 25 
years) . This is higher than the reported mean fire 
frequency of about 18 years (range: ca. 6 to 20 years) in 
the Groot-Swartberge in mountain fynbos (Horne 1981; 
Kruger & Bigalke 1984). In mountain fynbos (van 
Wilgen 1981 , 1982) and Australian heath (Specht et al. 
1958; Siddiqi et al. 1976), high fire frequencies result in 
reduced proportions of seeding shrubs which was not 
apparent in this study. However, seeding shrubs do 
survive in areas of Australian heath with low foliage 
projective cover despite high fire frequencies (Specht et 
al. 1958) which is indicative of the importance of gap 
availablity for recruitment of seeders (Keeley 1977b; 
Specht 1981). 
Post-fire canopy covers in sand plain lowland fynbos 
[ca. 25 and 30% for 1- and 2-year-old vegetation 
respectively at Pella (Brown & Mitchell 1986; Hoffman 
et al. 1987)] are much lower than those in relatively 
wetter (Fuggle 1981) mountain fynbos [mean: 52.1% for 
2.5-year-old vegetation in the lakkalsrivier catchment 
(Kruger 1987)] and those in nutrient richer (Campbell 
1983) grassy fynbos habitats [60% for 1.5-year-old 
vegetation in the vicinity of Grahamstown (Richardson 
et al. 1984)] . Lower post-fire canopy covers in sand plain 
lowland fynbos suggest a lower site productivity and a 
greater availability of gaps for seedling recruitment 
(Specht 1981; Specht et al. 1983). As expected, a higher 
proportion of seeders was measured in this vegetation. 
In a gradient survey of a mountain fynbos community in 
the lakkalsrivier catchment following fire, Kruger (1987) 
was unable to relate the numbers of seeding or sprouting 
species nor the proportion between the two to the 
relative recovery rate (ratio of post- to pre-fire canopy 
volume) of the canopy. In chaparral, however , Keeley & 
Keeley (1981) found that post-fire shrub cover and the 
ratio of sprouts to seedlings in Adenostoma fasciculatum 
increased with elevation as does annual precipitation 
(Miller et al. 1977), though this pattern was not charac-
teristic of all species. These conflicting reports suggest 
that no single model will fully explain differences in the 
proportions of seeders to sprouters in vegetation stands. 
Essentially site productivity which is determined by the 
availability of resources for plant growth and repro-
duction, the availability of space as a resource for 
seedling establishment and frequency of disturbance by 
fire and predation (Tilman 1980, 1983) are all inter-
related and act in concert in different combinations in 
determining vegetation composition. 
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Plant distributions 
Myrmecochorous species did not exhibit significantly 
more clumped seedling distributions (higher dispersion 
coefficients) than species with other seed dispersal 
modes . Such a distribution pattern could be expected 
following seed dispersal and burial by ants in nests. In 
myrmecochorous A. saligna (Milton 1980), seed 
dispersal was influenced primarily by the direction of the 
prevailing south-easterly wind (Schulze 1965) that occurs 
during acacia seed shedding in summer (Milton 1980) . 
Seedlings were distributed at a greater distance from 
parental remnants on the northern than southern sides 
(Figure. 4). In other myrmecochorous species, such as P. 
stipularis and P. cephalantha, there was an observed 
tendancy for seedlings to congregate around burnt stems 
and Restionaceae clumps which implied barriers to seed 
movement or favourable (safe) sites for seed germin-
ation and establishment rather than seed burial by ants. 
These observations suggested that the similar peaks in 
population densities and species richness exhibited by 
indigenous seeding perennials and ephemerals along the 
transects (Figure 4) were due mainly to the combined 
effect of poor seed dispersal (Moll & Gubb 1980; 
Slingsby & Bond 1985 ; Manders 1986 ; Brits 1987) and 
localized safe sites for seed germination and estab-
lishment (Harper et al. 1965; Green 1983; Geritz et al. 
1984). The higher P. repens seedling densities recorded 
in litter patches support the latter suggestion. Seed 
burial by ants is necessary for germination of some 
species (Slingsby & Bond 1985) . However, this probably 
has relatively little effect on seedling distributions after 
fire. Ant dispersal distances are short (Slingsby & Bond 
1985; Brits] 987). Sites to which ants disperse seeds are 
of similar or lower nutrient status than those in surface 
soils under parental canopies (Rice & Westoby 1986; 
Bond & Stock 1989) which suggests little beneficial 
effect on seedling establishment and growth. The most 
important benefits of myrmecochory are the protection 
of seeds through burial from predators prior to 
germination (Bond & Slingsby 1984; Bond & Breyten-
bach 1985) and the transportation of seeds away from 
parents which trap seeds of their anemochorous 
competitors (Yeaton & Bond 1989). Post-fire seedling 
distribution patterns are probably a consequence of 
micro-site conditions affecting seed germination and 
establishment {Harper 1977) rather than seed burial by 
ants. 
The reduced population densities and species richness 
observed among indigenous seeders in close proximity to 
burnt parental skeletons of alien acacias requires more 
detailed investigation. The relatively small area 
investigated under burnt acacia parental remnants does 
not allow for any valid assessment of differences in 
species composition, seed sizes, dispersal modes etc . 
under acacias compared with that in surrounding 
indigenous vegetation . Reduced popUlation densities 
among indigenous seeders in the vicinity of burnt acacia 
parental remnants are probably not related to the 
reported avoidance by ants of shaded habitats in 
establishing their nests (Bond pers. comm.), since 
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seedlings of both myrmecochorous and non-myrmeco-
chorous species were found under acacias. Possible 
explanations include : 
a . Prefire suppression, as a result of overtopping and 
shading by acacias (Milton 1980; Boucher & Shepherd 
1988), of indigenous species and poor seed dispersal 
in general (Moll & Gubb 1980; Slingsby & Bond 1985; 
Manders 1966; Brits 1987). 
b. Allelopathic inhibition of seed germination in fynbos 
species by alien acacias (Jones et al. 1963), either 
active (acacia seedlings) or residual (acacia parents). 
c. Modification of the spectral composition of the 
incident radiation filtering through the leaf canopy of 
resprouting acacias and acacia seedlings, thereby 
enforcing dormancy in indigenous seeds on the soil 
surface (King 1975; Grime & Jarvis 1975; Gorski 
1975). 
d. Reduced soil temperature amplitude fluctuations 
beneath burnt parental skeletons of alien acacias, as a 
consequence of shading , thereby maintaining dorm-
ancy in certain buried seeds (Thompson et al. 1977; 
Brits 1986, 1987). 
Seedling dynamics and germination depths 
Seed germination (burial) depths of non -serotinous 
Proteaceae in sand plain lowland fynbos were consider-
ably greater than those reported in mountain fynbos. 
The mean estimated germination depth of 131.2 mm 
measured for L. parile seeds at Pella (Table 4) is 
approximately three times greater than the average 
estimated germination depth of 43 mm reported for 
Mimetes cucullatus seeds (Bond & Slingsby 1984), 31.2 
and 34.8 mm reported for Leucospermum cordifolium 
and Leucospermum cuneiforme seeds respectively (Brits 
1987) and 48.2 mm for Leucospermum conocarpoden-
dron seeds (Bond & Stock 1989) in mountain fynbos . A 
higher percentage of coarse sands and gravels in 
mountain fynbos than sand plain lowland fynbos soils 
(Lambrechts et al. 1986) may influence the depth of seed 
burial by ants. Brits's (1987) proposal that germination 
of buried L. cordifolium and L. cuneiforme seeds after 
fire is initiated by an increase in diurnal soil temperature 
amplitude fluctuation in burnt exposed sites probably 
does not apply to the more deeply buried L. parile seeds 
in sand plain lowland fynbos. Diurnal temperature 
amplitude requirements for germination of L. cordi-
folium and L. cuneiforme seeds are only met during 
winter in burnt exposed soils at depths of 40 mm or less 
in mountain fynbos (Brits 1986, 1987) . Since diurnal 
temperature amplitude decreases sharply with increasing 
soil depth (Mayer & Poliakoff-Mayber 1982), some 
other factor , such as oxygen deficiencies (Brits 1986) or 
the composition of the soil atmosphere (Bibbey 1948; 
Harper 1957), may be important in restnctmg 
germination of the more deeply buried L. parile seeds in 
sand plain lowland fynbos. 
In addition to changes in soil temperature environ-
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ment following fire (Brits 1986, ] 987), heat generated 
during fires has been implicated as an important factor in 
breaking dormancy of both alien acacia (Jones 1963; 
Milton & Hall 1981; Jeffrey et al. 1988; Holmes 1988) 
and fynbos seeds (Levyns 1929; Blommaert 1972; van 
der Venter & Esterhuizen 1988). The staggered post-fire 
seedling recruitment pattern observed in many species in 
this study, however, suggests a gradual breakdown in 
seed dormancy. This may have been due to differences 
in degree of exposure of seeds buried at different depths 
to dormancy-breaking stimuli and to some aspect of 
somatic polymorphism (Cavers & Harper 1966; Harper 
et al. 1970) in soil-stored seeds of each species resulting 
in differences in dormancy and germination behaviour. 
Nevertheless, a staggered seedling recruitment pattern 
clearly has survival value , particularly where post-fire 
climatic conditions (frequency and levels of 
precipitation) would vary depending on the season in 
which the fire occurs. 
Seedling production by seeders and sprouters was 
similar (232 and 230 seedlings/species respectively). 
Maintenance of a steady state proportion of seeders to 
sprouters with repeated fire cycles suggests a higher 
post-fire seedling mortality among sprouters (Keeley 
1986). No significant differences in seedling mortalities, 
however, were found between seeders and sprouters in 
the first post-fire year. The possible evolution of 
specialized xerophytic adaptations among seeders (Wells 
1969) and accelerated seedling growth due to the 
abandonment of lignotuber formation (Keeley 1986) 
may provide seedlings of seeders with a competitive 
advantage over those of sprouters after the first post-fire 
year. 
Seed size appeared to be an important factor affecting 
seedling establishment levels in the post-fire environ-
ment. Sol brig (1980) pointed out that the probability of 
successful germination and seedling survival increases 
with seed size. In this study, average seedling production 
among seeding perennials with large seeds (363 
seedlings/species) was approximately twice that of 
perennials with small seeds (171 seedlings/species). 
Perennials with large seeds also germinated sooner after 
fire than those with small seeds and were more deeply 
buried. The advantage of early germination combined 
with a staggered seedling recruitment pattern is that it 
allows for optimum utilization of available gaps for 
seedling recruitment and a longer wet period for seedling 
establishment and additional recruitment. Deeper burial 
provides an added advantage in that seeds are subjected 
to smaller soil water fluctuations , particularly early in 
the rainy season. This may partly explain why most 
perennial species with large seeds germinated sooner 
after fire than those with small seeds. The ability of alien 
acacias with large seeds to regenerate more rapidly after 
fire than indigenous species, aided by nitrogen fixation 
(Roux & Warren 1963) and possible allelopathy (Jones 
et al. 1963), their staggered recruitment pattern and 
fewer natural enemies than in their place of origin (van 
den Berg 1977) are probably the principle factors 
providing them with a competitive advantage over 
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indigenous species , at least in the early stages of post-fire 
vegetation recovery. 
Acknowledgements 
Miss Elsie Esterhuizen and Mrs J. Beyers are thanked 
for help with identification of plants , Dr C Boucher for 
loan of field herbarium and Mr A.P. Flynn for assistance 
with computation of data. Drs M.C Rutherford and 
W.J. Bond provided useful comments and criticisms on 
the manuscript. 
References 
BIBBEY, R.O. 1948. Physiological studies of weed seed 
germination. PI. Physiol. Lancaster 23: 467-484. 
BLOMMAERT, K.L.J. 1972. Buchu seed germination. fl. S. 
Afr. Bot. 38: 237- 239. 
BOND, W.J. & BREYTENBACH, G.J. 1985. Ants, rodents 
and seed predation in Proteaceae . S. Afr. 1. Zool. 20: 
150--154. 
BOND , W.J . & SLINGSBY, P. 1983. Seed dispersal by ants in 
shrublands of the Cape Province and its evolutionary 
implications. S. Afr. 1. Sci . 79: 231 - 233. 
BOND , W.J. & SLINGSBY, P. 1984. The collapse of ant-
plant mutualism: The Argentine ant (lridomyrex humilis) 
and myrmecochorous Proteaceae. Ecology 65: 1031-1037. 
BOND, W.J. & STOCK, W.D. 1989. The costs of leaving 
home: ants disperse seeds to low nutrient sites. Unpubl. 
manuscript, Dept. Botany, Univ. Cape Town. 
BOUCHER, C. 1981. Western Cape Province lowland alien 
vegetation. In : Proc. Symp. Coastal Lowlands of the 
Western Cape, ed. Moll, E ., p. 67 , Univ. of the Western 
Cape. 
BOUCHER, C. 1987. A phytosociological study of transects 
through the western Cape coastal foreland, South Africa. 
Ph.D . thesis , Univ. Stellenbosch. 
BOUCHER, C. & SHEPHERD, P. 1988. Plant communities 
of the Pella site. In: A description of the fynbos biome 
project intensive study site at Pella , ed. Jarman , M.L., S.A. 
Nat. Sci. Prog . Report , 33, pp . 38-76, C.S.I.R., Pretoria. 
BRITS, G .J. 1986. Influence of fluctuating temperatures and 
H20 2 treatment on germination of Leucospermum 
cordifolium and Serruria florida (Proteaceae) seeds. S. Afr. 
1. Bot. 52: 286-290. 
BRITS , G.J. 1987. Germination depth vs. temperature 
requirements in naturally dispersed seeds of Leucospermum 
cordifolium and L. cuneiforme (Proteaceae). S. Afr. f. Bot. 
53: 119- 124. 
BROWN, G. & MITCHELL, D.T. 1986. Influence of fire on 
the soil phosphorus status in sand plain lowland fynbos, 
south-western Cape. S. Afr. 1. Bot. 52: 67- 72. 
BROWNLIE, S.F. & MUSTART, P. 1988. History of recent 
land-use and management implications. In : A description 
of the fynbos biome project intensive study site at Pella , ed. 
Jarman , M.L. , S.A. Nat. Sci. Prog. Report , 33, pp. 10--29, 
C.S. I. R., Pretoria. 
CAMPBELL, B.M. 1983. Montane plant environments in the 
Fynbos Biome. Bothalia 14: 283-298. 
CAVERS , P.B. & HARPER , J.L. 1966. Germination 
polymorphism in Rumex crispus and Rumex obtusifolius. f. 
Ecol. 54: 367-382. 
CONNELL, J.H. & SLATYER, R.O. 1977. Mechanisms of 
succession in natural communities and their role in 
community stability and organization. Am. Nat. 111 : 
1119- 1144. 
180 
EGLE R , F.E. 1954. Vegetation science concepts. 1. Initial 
floristic composition , a factor in old-field vegetation 
development. Vegetatio 4: 412-417. 
FROST, P .G. H. 1984. The response and survival of organisms 
in fire prone environments. In: Ecologica l effects of fire in 
South African ecosystems, eds de Booysen , P. & Tainton , 
N.M. , Ecological studies, Vol. 48 , pp . 273-304, Springer-
Verlag , Berlin. 
FUGGLE , R.F. 1981. Macro-climatic patterns within the 
Fynbos Biome. Unpubl. Report, National Programme for 
Environmental Sciences, C.S. I. R. , Pretoria , 116 pp. 
GERITZ, S.A .H. , DE JONG, T.J. & KLINKHAMER , 
P. G. L. 1984. The efficacy of dispersal in relation to safe site 
area and seed production. Oecologia 62: 219- 221. 
GILL, A.M. 1981. Adaptive responses of vascular plant 
species to fires . In: Fire and the Australian biota , eds Gill, 
A.M. , Groves , R.H . & Noble , 1.R. , pp. 212- 271, 
Australian Academy of Science, Canberra , Australia. 
GILL, A.M. & GROVES , R.H. 1981. Fire regimes in 
heath lands and their plant-ecological effects . In: 
Ecosystems of the world, heathlands and related 
shrublands, ed. Specht, R.L., Vol. 9B , pp.61 - 84, E lsevier, 
Amsterdam. 
GORSKI, T . 1975. Germination of seeds in the shadow of 
plants. Physiol. Plant. 34: 342- 346. 
GREEN, D.S. 1983. The efficacy of dispersal in relation to 
safe site density. Oecologia 56: 356-358. 
GRIME , J.P. & JARVIS , B.C. 1975. Shade avoidance and 
shade tolerance in flowering plants. IT. Effects of light on 
the germination of species of contrasted ecology. In: Light 
as an ecological factor , eds Bainbridge, R. , Evans , G.c. & 
Rackman , 0. , pp. 525- 532, Blackwell, Oxford. 
HALL, A.V. 1979. Invasive weeds. In : Fynbos ecology, a 
preliminary synthesis , eds Day, J ., Siegfried, W.R . , Louw, 
B.N. & Jarman , M.L., S.A. Nat. Sci . Prog. Report , 10, pp. 
133- 147, C.S.1.R., Pretoria. 
HALL, A.V. & BOUCHER, C. 1977. The threat posed by 
alien weeds to the Cape Flora. In: Proceedings of the 
second national weeds conference of South Africa , pp. 
35-45 , Balkema, Cape Town. 
HANES, T. L. 1971. Succession after fire in the chapparal of 
southern California. Ecol. Monogr. 41 : 25-52. 
HARPER , J.L. 1957. Biological flora of the British Isles: 
Ranunculus acris L. , Ranunculus repens L. and Ranunculus 
bulbosa L. 1. Ecol. 45: 289- 342. 
HARPER, J .L. 1977. Population biology of plants. Academic 
Press , London. 
HARPER, J.L., LOVELL, P.H. & MOORE, K.G. 1970. The 
shapes and sizes of seeds. Ann. Rev. Eco!. & Syst. 1: 
327- 355. 
HARPER , J.L. , WILLIAMS , J .T . & SAGAR, G.R. 1965. 
The behaviour of seeds in the soil. 1. The heterogeneity of 
soil surfaces and its role in determining the establishment of 
plants from seed. 1. Ecol. 53: 273- 286. 
HOFFMAN, M.T., MOLL, E .J . & BOUCHER, C. 1987. 
Post-fire succession at Pella, a South African lowland site. 
S. Afr. 1. Bot. 53: 370-374. 
HOLMES , P.M. 1988. Implications of alien Acacia seed bank 
viability and germination for clearing. S. Afr. 1. Bot. 54: 
281- 284. 
HORNE, 1.P. 1981. The frequency of veld fires in the Groot 
Swartberg Mountain Catchment Area, Cape Province . S. 
Afr. For. 1. 118: 56-60. 
JARMAN, M.L. & MUSTART, P. 1988. Introduction . In : A 
description of the fynbos biome project intensive study site 
at Pella, ed. Jarman, M.L. , S.A. Nat. Sci . Prog. Report , 
S.-Afr.Tydskr. Plantk ., 1990, 56(2) 
33, pp. 1- 9, C.S.1.R., Pretoria. 
JEFFERY, D .J ., HOLMES , P.M. & REBELO , A.G. 1988. 
Effects of dry heat on seed germination in selected 
indigenous and alien legume species in South 
Africa. S. Afr. 1. Bot. 54: 28- 34. 
JONES , E .W. 1956. Ecological studies on the rain forest of 
southern Nigeria. IV. The' plateau forest of the Okomu 
Forest Reserve . 1. Ecol. 44: 83- 117. 
JONES , R.M. 1963. Studies in the autecology of Australian 
acacias in South Africa . 3. Preliminary studies of the 
germination of seed of Acacia cyclops and A. cyanophylla. 
S. Afr. 1. Sci. 59: 296-298. 
JONES , R .M. , ROUX, E .R . & WARREN , J.M. 1963. 
Studies in thc autecology of Australian acacias in South 
Africa. 4. The production of toxic substances by Acacia 
cyclops and Acacia cyanophylla and their possible 
ecological significance. S. Afr. 1. Sci. 59: 295- 296. 
KEELEY, J.E. 1977a. Seed production, seed populations in 
the soil and seedling production after fire for two 
congeneric pairs of sprouting and non-sprouting Chaparral 
shrubs. Ecology 58 : 820-829. 
KEELEY , J. E. 1977b. Fire-dependent reproductive strategies 
in Arctostaphylos and Ceanothus. In: Proceedings of the 
symposium on the environmental consequences of fire and 
fuel management in mediterranean ecosystems, technical 
coordinators, Mooney , H.A. & Conrad , C.E. , pp . 
391- 396, USDA Forest Service General Technical Report 
WO-3. 
KEELEY, J .E. 1986. Resilience of mediterranean shrub 
communities to fire. In: Resilience in mediterranean-type 
ecosystems, eds Dell, B. , Hopkins , A.J.M ., & Lamont, 
B.B. , T:VS 16, pp. 95-112, W.Junk , Dordrecht. 
KEELEY, J.E. & KEELEY, S.c. 1981. Post-fire 
regeneration of southern California chaparral. Am. 1. Bot . 
68: 524-530. 
KERSHA W , K.A. 1973. Quantitative and dynamic plant 
ecology. 2nd edn, Edward Arnold, London. 
KING , T.J . 1975. Inhibition of seed germination under leaf 
canopies in Arenaria serpyllifolia, Veronica arvensis and 
Cerastium holosteoides. New Phytol. 75: 87- 90. 
KRUGER, F.J . 1972. Jakkelsrivier catchment experiment: 
investigation of the effects of spring and autumn burns on 
vegetation . Progress Report, Project 116/25 , Jonkershoek 
Forest Research Station , June, 1972. 
KRUGER, F.J. 1983. Plant community diversity and 
dynamics in relation to fire. In: Mediterranean-type 
ecosystems, eds Kruger , F.J ., Mitchell, D .T . & Jarvis , 
J.U.M., Ecological Studies, Vol. 43 , pp. 446-472, 
Springer-Verlag , Berlin . 
KRUGER, F.J. 1987. Succession after fire in selected fynbos 
communities in the south-western Cape. Ph.D. thesis, 
Univ. of the Witwatersrand. 
KRUGER, F.J. & BIGALKE, R.C. 1984. Fire in fynbos. In: 
Ecological effects of fire in South African ecosystems , eds 
de Booysen , P. & Tainton , N.M. , Ecological studies, Vol. 
48, pp. 67-114, Springer-Verlag, Berlin . 
LAMBRECHTS, J.J.N . & FRY , M. 1988. Soils of the Pella 
site . In: A description of the fynbos biome project intensive 
study site at Pella, ed. Jarman, M.L. , S.A. Nat. Sci. Prog. 
Report, 33, pp. 30-37, C.S.1.R., Pretoria. 
LAMBRECHTS , J.J.N. , THERON, A.A. & FRY , M. 1986. 
Detailed characterization of soils under different 
fynbos-climate-geology combinations in the South and 
south-western Cape. Unpubl. Report, National Programme 
for Environ. Sci ., C.S.1.R., Pretoria. 
S.Afr.J. Bot. , 1990,56(2) 
LE MAITRE , D.e. 1987. Effects of season of burn on species 
populations and composition of fynbos in the Jonkershoek 
valley. S. Afr. 1. Bot. 53: 284-292. 
LEVYNS , M.R. 1929. Veld burning experiments at Ida's 
Valley, Stellenbosch. Trans. R. Soc. S. Afr. 17: 61 - 92 . 
MANDERS, P.T. 1986. Seed dispersal and seedling 
recruitment in Protea laurifolia. S. Afr. 1. Bot. 52: 421-424. 
MARTIN , A.R.H. 1966. The plant ecology of the 
Grahamstown Nature Reserve. II. Some effects of burning. 
S. Afr. 1. Bot. 32: 1-39. 
MAYER , A.M. & POLJAKOFF-MAYBER, A. 1982. The 
germination of seeds. 3rd edn, Chs . 4 & 7, Pergamon Press, 
Oxford. 
MILLER , P .e., BRADBURY, D.E. , HAJEK, E., 
LAMARCHE , V. & THROWER, N.J.W. 1977. Past and 
present environments. In: Convergent evolution in Chile 
and California Mediterranean climate ecosystems, ed. 
Mooney, H.A. , pp 27- 72 , Dowden, Hutchison & Ross , 
Inc., Stroudsbury, Philledelphia. 
MILTON, S.J. 1980. Studies of Australian acacias in the 
south-western Cape, South Africa. MSc. thesis , Univ. Cape 
Town . 
MILTON, S.J. & HALL, A.V. 1981. Reproductive biology of 
Australian acacias in the south-western Cape Province, 
South Africa. Trans. R. Soc. S. Afr. 44: 465-485. 
MITCHELL, D.T., BROWN , G. & JONGENS-ROBERTS, 
S. 1984. Variation of forms of phosphorus in the sandy soils 
of coastal fynbos, south-western Cape. 1. Ecol. 72: 
575- 584. 
MOLL, E .J. & GUBB, A .A. 1980. Aspects of the ecology of 
Stavia dodii in the south-western Cape of South Africa. In: 
The biological aspects of rare plant conservation, ed. 
Synge, H ., pp. 331 - 342, Wiley & Sons , Chichester. 
MUELLER-DOMBOTS , D. & ELLENBERG, H. 1974. 
Aims and methods of vegetation ecology. John Wiley & 
Sons Inc. , New York. 
RICE , B. & WESTOBY, M. 1986. Evidence against the 
hypothesis that ant-dispersed seeds reach nutrient-enriched 
micro-sites. Ecology 67: 1270-1274. 
RICHARDSON, G.R. , LUBKE , R .A. & JACOT-
GUILLARMOD, A. 1984. Regeneration of grassy fynbos 
near Grahamstown (eastern Cape) after fire. S. Afr. 1. Bot. 
3: 153- 162. 
ROUX, E.R. & WARREN , J.L. 1963. Studies in the 
autecology of Australian acacias in South Africa. 2. 
Symbiotic nitrogen fixation in Acacia cyclops A . Cunn. S. 
Afr. 1. Sci . 59: 294-295. 
SACHS , L. 1982. Applied statistics - a handbook of 
techniques. Springer-Verlag, New York. 
SCHULZE, B .R. 1965. Climate of South Africa. Part B, 
General Survey, The Government Printer & Weather 
Bureau , R.S.A. 
SIDDIQI, M.Y., CAROLIN, M.e. & MYERSCOUGH, P.J. 
1976. Studies in the ecology of coastal heath in New South 
Wales. III. Regrowth of vegetation after fire . Proc. Linn. 
Soc. N.S. W. 101: 53-63. 
SLINGSBY, P . & BOND , W.J . 1985. The influence of ants on 
dispersal distance and seedling recruitment of 
Leucospermum conocarpodendron (L.) Buek (Proteaceae). 
S. Afr. 1. Bot. 51 : 30-34. 
SOLBRIG , O.T. 1980. Demography and natural selection. In: 
Demography and evolution in plant populations , ed. 
Solbrig, O.T. , pp. 1- 20 , Blackwell , Oxford. 
SPECHT, R.L. 1981. Responses to fire of heath lands and 
181 
related shrublands. In: Fire and the Australian biota, eds 
Gill , A.M. , Groves, R.H. & Noble , I.R., pp . 395-414, 
Australian Academy of Sciences, Canberra. 
SPECHT, R .L., MOLL, E .J. , PRESSfNGER, F . & 
SOMME RVILLE , J . 1983. Moisture regime and nutrient 
control of seasonal growth in mediterranean ecosystems. 
In: Mediterranean-type ecosystems, eds Kruger , F .J ., 
Mitchell , D.T. & Jarvis , J.U.M. , Ecological Studies, Vol. 
43 , pp. 120-132, Springer-Verlag, Berlin. 
SPECHT, R.L. , RAYSON , P. & JACKMAN , M.E. 1958. 
Dark Island heath (Ninety-Mile Plain , South Australia). 
IV. Pyric succession: changes in composition , coverage, dry 
weight, and mineral nutrient status. Aust. 1. Bot. 6: 59- 88. 
STOCK , W.D . & LEWIS , O.A.M. 1986. Soil nitrogen and the 
role of fire as a mineralizing agent in a South African 
coastal fynbos ecosystem. 1. Ecol. 74: 317- 328. 
THOMPSON , K. , GRIME, J.P . & MASON, G. 1977. Seed 
germination in response to diurnal fluctuations of 
temperature. Nature 67: 147-149. 
TILMAN, D . 1980. Resources: a graphical-mechanistic 
approach to competition and predation. Am. Nat. 166: 
362- 393 . 
TILMAN, D. 1983. Some thoughts on resource competition 
and diversity in plant communities. In : Mediterranean-type 
ecosystems, eds Kruger, F.J ., Mitchell, D.T. & Jarvis , 
J.U .M. , Ecological Studies, Vol. 43 , pp. 322-336, 
Springer-Verlag, Berlin. 
VAN DEN BERG, M. 1977. Natural enemies of certain 
acacias in Australia . In: Proceedings of the second national 
weeds conference of South Africa , pp. 75- 82, Balkema, 
Cape Town. 
VAN DER MERWE, P. 1966. Die flora van Swartboskloof, 
Stellenbosch en die he rstel van die soorte n3 'n brand. Ann. 
Univ. Stell. Vol. 41, Ser. A , no . 14. 
VAN DER MERWE, P. 1977. Die morfologie en 
voortplanting van Orothamnus zeyheri (Proteaceae) . 
Research Report: Plants: 1977, Dept. Nature and Environ. 
Cons., Provo Admin., Cape of Good Hope. 
VAN DER PIlL, L. 1982. Principles of dispersal in higher 
plants. 3rd edn, Springer-Verlag, Berlin. 
VAN DER VENTER, H.A. & ESTERHUIZEN, A.D. 1988. 
The effects of factors associated with fire on seed 
germination of Erica sessiliflora and E. hebecalyx 
(Ericaceae). S. Afr. 1. Bot. 54: 301 - 304. 
VAN WILGEN, B.W. 1981. Some effects offire frequency on 
fynbos plant community composition and structure at 
Jonkershoek, Stellenbosch. S. Afr. For. 1. 118: 42- 55. 
VAN WILGEN, B.W. 1982. Some effects of post-fire age on 
the above-ground plant biomass of fynbos (macchia) 
vegetation in South Africa. 1. Ecol. 70: 217- 225 . 
WELLS, P.V. 1969. The relationship between mode of 
reproduction and extent of speciation in woody genera of 
the California chaparral. Evolution 23: 264-267 . 
WICHT, e.L. 1945. Report of the committee on the 
vegetation of the south-western Cape. Spec. Pub!. R. Soc. 
S. Afr. Cape Town , 56 pp. 
WICHT, e.L. 1948. A statistically designed experiment to test 
the effects of burning on a sclerophyll scrub community: 
preliminary account. Trans: R. Soc. S. Afr. 31: 480-501. 
YEATON, R .L. & BOND, W.J . 1989. Competition between 
two shrub species: directed dispersal by ants promotes 
coexistence . Unpubl. manuscript, Dept. Botany, Univ. 
Cape Town. 
182 S.-Afr.Tydskr. Plantk., 1990,56(2) 
Appendix 1 Seeders sub-group perennials: density and frequency data (late 
spring). Species grouped according to sequence of observed first emergence and 
decreasing density 
Species 
Early autumn emergence 
Acacia saligna++ (Labill.) Wendl 
A. cyclops A. Cunn. ex G. Don 
Totals (aliens) 
Early winter emergence 
Willdenowia suleata Mast. 
Centella tridentata (L. f.) Drude 
Phylica stipularis+ L. 
Pro tea repens (L.) L. 
Leucosperrnurn parile (Salisbr. 
ex Knight) Sweet 
Protea burchellii Stapf 
Carpobrotus edulis (L.) N.E. Br. 
Early spring emergence 
Anthosperrnurn aethiopicurn L. 
Meta/asia rnuricata (L.) D . Don 
Po/poda capensis++ Presl 
!floga arnbigua++ (L.) Druce 
Prisrnatocarpus fruticosus L'Herit 
Pharnaceurn incanurn++ L. 
Late spring emergence 
Tharnnochortus punctatus+ Pillans 
Phylica cephalantha+ Sond 
Passerina vulgaris (Meisn) Thoday 
Grisebachia plurnosa Klotzch 
Roella ciliata L. 
Aspalathus divaricata Thunb. 
subsp . divaricata 
Chffortia polygonifolia L. 
Totals (i ndigenes) 
Total Mean 
plants 
100 m-2 
251 
46 
297 
665 
317 
249 
152 
101 
15 
8 
698 
270 
132 
63 
43 
21 
307 
153 
123 
29 
28 
9 
8 
3391 
plants 
2 m-2 
5.02 
0.92 
5.94 
13.30 
6.34 
4.98 
3.04 
2.02 
0.30 
0.16 
13.96 
5.40 
2.64 
1.26 
0.86 
0.42 
6.14 
3.06 
2.46 
0.58 
0.56 
0.18 
0.16 
67.82 
Standard 
deviation 
11.77 
1.95 
Dispersion 
coefficient 
27.6 (131.7* *) 
4.1 (15.5**) 
12.62 26 .8 (127.8**) 
11.23 
9.74 
5.12 
5.07 
2.96 
1.72 
0.62 
9.5 (42.0**) 
15.0 (69.1 **) 
5.3(21.1**) 
8.5 (36.9**) 
4.3 (16.5**) 
11.53 9.5 (42.2**) 
7.57 10.6 (47.6**) 
9.35 33.1 (159.0**) 
2.75 6.0 (24.7**) 
2.17 5.5 (22.2* *) 
0.98 
8.47 11.7 (52.9**) 
5.24 9.0 (39.4* *) 
3.85 6.0 (24.9* *) 
2.67 12.3 (55.9**) 
2.76 13.6 (62.3 ** ) 
0.56 
0.68 
33.25 16.3 (75.7**) 
Frequency 
% 
38.0 
44.0 
64.0 
98.0 
68.0 
84.0 
56.0 
60.0 
6.0 
10.0 
98.0 
64.0 
18.0 
36.0 
26.0 
22.0 
78.0 
68.0 
74.0 
12.0 
8.0 
12.0 
6.0 
100.0 
Life 
form 
Mc 
Mc 
H 
Ch 
Ch 
Nn 
Nn 
Nn 
Ch 
Nn 
Nn 
Ch 
Ch 
Nn 
Ch 
H 
Ch 
Nn 
Ch 
Ch 
Ch 
Nn 
t-value and significance level for 49 degrees of freedom (** P < 0.01 , * P < 0.05) presented in parenthesis 
+Observed resprouting within transect; ++observed resprouting only outside transects 
Mc = microphanerophyte , Nn = nanophanerophyte, Ch = chamaephyte, H = hemicryptophyte 
Appendix 2 Seeders sub-group ephemerals (therophytes): density and frequency data. 
Species grouped according to sequence of observed first flowering and decreasing density 
Total Mean 
plants plants Standard Dispersion Frequency 
Species 100 m-2 2 m-2 deviation coefficient % 
Early spring flowering 
Crassula papillosa Schonl. & Baker f. 255 5.10 5.50 5.9 (24.4**) 80.0 
Gymnodiscus capillaris (L. f.) Less 69 1.38 2.17 3.4 (11.9 ** ) 52.0 
Tetragonia portulacoides Fenzl 38 0.76 2.65 9.2 (40.8**) 16.0 
Adenogramma mollugo Reichb. 36 0.72 0.95 1.2 (1.2) 44.0 
!solepis incomptula Nees 30 0.60 1.28 2.7 (8.6**) 28.0 
Polycarena capensis Benth. 28 0.56 0.91 1.5 (2.4 *) 34.0 
Polycarena heterophylla (Benth.) Levyns 20 0.40 0.70 28.0 
!solepis antarctica Nees 19 0.38 0.67 28.0 
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Appendix 2 Continued 
Total Mean 
plants plants Standard Dispersion Frequency 
Species 100 m -l 2 m-2 deviation coefficient % 
Nemesia versicolor E. Mey. ex Benth. 13 0.26 0.60 18.0 
Diascia nemophiloides Benth. 13 0.26 0.88 12.0 
Felicia tene/la (L.) Nees subsp. pusilla (Harv.) Grau 8 0.16 1.00 4.0 
Polycarena cephalophora (Thunb.) Levyns 8 0.16 0.37 16.0 
Senecio arenarius Thunb. 3 0.06 0.31 4.0 
Sub totals 540 10.80 7.15 5.3 (21.3**) 96.0 
Late spring flowering 
Pentaschistis thunbergii Stapf 1067 21.34 15.19 10.8 (48.6**) 100.0 
Heliehrysum cylindriflorum (L.) Hilliard & Burtt 239 4.78 6.79 9.7 (42.9**) 76.0 
Heliehrysum indicum (L.) Grierson 38 0.76 1.35 2.4 (6.9**) 36.0 
Helichrysum sp. cf. H. marmarolepis S. Moore 21 0.42 1.00 22.0 
Arc/otis breviscapa Berg. 10 0.20 0.60 12.0 
Helichrysum rutilans (L.) D. Don 3 0.06 0.31 4.0 
Helichrysum moeserianum Theil. 0.02 0.14 2.0 
Oncosiphon suffruticosum (L.) Kallerjo 0.02 0.14 2.0 
Sub totals 1380 27.60 16.72 10.1 ( 45.2* *) 100.0 
Late snmmer flowering 
Thunbergiella /iliformis (Lam.) Wolff 280 5.60 9.09 14.8 (68.1**) 48.0 
Lobelia capillifolia (Presl) A. DC. 42 0.84 2.31 6.3 (26.5* *) 24.0 
Lightfootia diffusa+ Buek 2 0.04 0.28 2.0 
Lobelia coronpifolia L. 0.02 0.14 2.0 
Sub totals 325 6.50 9.87 15.0 (69.3**) 54.0 
Totals 2245 44.90 22.78 11.6 (52.3**) 100.0 
t-value and significance level for 49 degrees of freedom (* * P < 0.01 , * P < 0.05) presented in parenthesis 
+Epllemeral status uncertain 
Appendix 3 Sprouters sub-group perennials: density and frequency data. Species grouped 
according to sequence of observed first emergence and decreasing density 
Total Mean 
plants plants Standard Dispersion Frequency Life 
Species 100 m-2 2 m-2 deviation coefficient % form 
Summer/early autumn emergence 
Phylica cephalantha+ Sond. 44 0.88 1.12 1.4 (2.2*) 48.0 eh 
Protea acaulos (L.) Reich. 34 0.68 2.48 9.0 (39.7**) 8.0 eh 
Phylica stipularis+ L. 22 0.44 0.83 30.0 eh 
Staberoha distachya (Rottb.) Kunth 13 0.26 0.88 10.0 H 
Phylica thunbergiana+ (E. Mey.) Sond. 12 0.24 0.51 20.0 eh 
Salvia africana-caerulea L. 12 0.24 0.91 10.0 Nn 
Cannomois parviflora (Thunb.) Pill. 7 0.14 0.53 8.0 H 
Protasparagus eapensis (L.) Oberm. 5 0.10 0.57 2.0 eh 
Ph yliea erieoides L. 4 0.08 0.44 4.0 eh 
Elytropappus glandulosus Less. 3 0.06 0.24 6.0 eh 
Zygophyllum spinosum L. 3 0.06 0.24 6.0 eh 
Aristida diffusa Trin. 3 0.06 0.31 4.0 H 
Rhus laevigata L. 2 0.04 0.28 2.0 Nn 
Diospyros glabra (L.) de Winter 2 0.04 0.20 4.0 Nn 
Stoebe fusca (L.) Thunb. 2 0.04 0.20 4.0 ell 
Agathosma imbricata (L.) Willd. 0.02 0.14 2.0 ell 
Leueospermum hypophylloearpodendron (L.) Druce 0.02 0.14 2.0 eh 
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Appendix 3 Continued 
Total Mean 
plants plants Standard Dispersion Frequency 
Species 100 mo2 2 mo2 deviation coefficient % 
Lachnospermum fasciculatum (Thunb .) Baill. 0 .02 0.14 2.0 
Polpoda capensis+ Presl 0.02 0.14 2.0 
Zygophyllum sessilifolium L. 0.02 0.14 2.0 
Aspalathus guinguefolia+ L. 0.02 0.14 2.0 
Late spring emergence 
Thamnochortus punctatus+ Pillans 20 0.40 2.07 4.0 
Totals 194 3.88 3.52 3.2 (10.8 ** ) 96 .0 
t-value and significance level for 49 degrees of freedom (** P < 0.01 , * P < 0.05) presented in parenthesis 
+Seedlings observed within transects; ++seedlings observed only outside transects 
Mc = microphanerophyte, Nn = nanophanerophyte, Ch = chamaephyte, H = hemicryptophyte 
Appendix 4 Sprouters sub-group ephemerals (geophytes): density and frequency 
data. Species grouped according to sequence of observed first flowering and 
decreasing density 
Species 
Early winter flowering 
Oxalis luteola Jacq. 
Othonna bulbosa L. 
Sub totals 
Early spring flowering 
Oxalis obtusa Jacq. 
Ficinia dunensis Levyns 
Eriospermum sp. 
Gazania ciliaris DC. 
Babiana ambigua (Roem. & Schult) G.J. Lewis 
Pelargonium triste (L.) L' Herit. 
Aristea african a (L.) Hoffsgg . 
Homeria longistyla Goldbl. 
Romulea schlechleri Beguinot 
Trachyandra muricala (LJ.) Kunth 
Sub totals 
Totals 
Total Mean 
plants plants Standard Dispersion Frequency 
100 mo2 2 mo2 deviation coefficient % 
24 0.48 1.03 2.2 (6.0** ) 24.0 
2 0.04 0.20 4.0 
26 0 .52 1.03 2.0 (5.1 **) 28.0 
120 2.40 3.75 5.9 (24.1 **) 48.0 
24 0.48 1.16 20.0 
20 
13 
12 
8 
5 
4 
3 
2 
211 
237 
0.40 
0.26 
0.24 
0.16 
0.10 
0.08 
0.06 
0.04 
4.22 
4.74 
1.98 
0.83 
0.66 
0.62 
0.57 
0.27 
0.31 
0.20 
4.94 5.8 (23 .7**) 
5.30 5.9 (29.4**) 
4.0 
10.0 
16.0 
10.0 
2.0 
8.0 
4.0 
4.0 
72.0 
78.0 
I-value and significance level for 49 degrees of freedom (** P < 0.01, * P < 0.05) presented in parenthesis 
Life 
form 
Ch 
Ch 
Ch 
Ch 
H 
